Geochemical studies of basalts from Sites 319, 320, and 321 of Leg 34 indicate that in all cases they are large-ion-lithophile (LIL) depleted tholeiites typical of ocean floors; that is, they are depleted in light rare earth elements (LREE) relative to chondrites and have low abundances of K, Sr, Ba, and Zr relative to island and continental basalts. The geochemical and petrographic evidence is compatible with an origin of these flows at a spreading center. Major element compositional differences between flow units can be explained by shallow level fractional crystallization of Plagioclase, clinopyroxene, and minor olivine. Although the compositional trends of most trace elements are consistent with the direction of fractionation indicated by the major elements, models based on major elements are not able to explain the large range in K2O, TiCh, and LIL trace element abundances. Similar genetic problems are encountered at other ocean ridge spreading centers. Apparently, the parental magmas for Leg 34 basalts differed significantly in LIL element abundances; such differences probably reflect different degrees of melting of the source material and/or source heterogeneity.
INTRODUCTION
Petrographic and geochemical data are presented for 20 basalt samples obtained from cores at DSDP Leg 34 Sites 319, 320, and 321 on the Nazca plate ( Figure 1 ). Details of drilling sites and hole summaries are given elsewhere in this volume (Chapters 3-5). Sample locations and the numbering system used in this report are shown in Figure 2 with reference to lithologic units defined by the shipboard scientists; complete DSDP sample numbers, which are not used in this report, are given in Table 1 .
Laboratory procedures described by Frey et al. (1974) were used. Analytical precision and data for reference standards are given in Table 2 .
PETROGRAPHY
The samples can be divided into five petrographic and geochemical groups (Figure 2 ). Samples not petrographically studied were placed in specific groups in Figure 2 on compositional characteristics. Compared to most recent ocean ridge basalts, the Leg 34 basalts are remarkable for the paucity or lack of olivine and the abundance of clinopyroxene microphenocrysts and magnetite. Modal compositions of some of the holocrystalline samples are given in Table 3 . Plagioclase microphenocrysts, in "bow-tie" intergrowths with clinopyroxene ( Figure 3a ), lie in a variolitic, pyroxene-rich groundmass with interstitial magnetite ( Figure 3b ). Traces of quench olivine appear only in Sample 1. Apparently these samples lie on or close to a plagioclase-pyroxene cotectic, but do not intersect the magnetite field until a significant amount of crystallization has taken place.
Group II (Represented by Samples 5, 6, 8, 9, 10, 11, 12 From the Lower Part of Hole 319A)
These are microdolerites of variable texture and grain size, presumably due to different positions in the cooling units (Figure 2 ). Plagioclase and clinopyroxene pre- dominate (Table 3) . Magnetite is abundant, particularly in iron-rich groundmass segregations. Earlyformed Plagioclase crystals are relatively large (to 1 mm), subequant, and zoned outwards to more sodic compositions. Early clinopyroxenes form rounded blades (to 1 mm) with outwardly increasing Fe/Mg ratios. The groundmass is typically a subophitic assemblage of clinopyroxene enclosing Plagioclase. Examples of "bow-tie" intergrowths ( Figure 3a ) and cryptocrystalline sheaves of pyroxene, Plagioclase, and magnetite ( Figure 3b ) appear in the groundmass. Sector zoning can be found in some Plagioclase cores, and occasionally in the pyroxenes. Some of the Plagioclase, along with most of the pyroxene, consists of bent, optically strained crystals with wavy or patchy extinction. These features are suggestive of rapid growth induced by quenching, or perhaps influenced by mineralizing fluids in the magmas. Olivine phenocrysts have been identified in only one rock (Sample 9) in this group of microdolerites although some micaceous patches have rounded outlines suggestive of olivine pseudomorphs. In one other rock (Sample 8) olivine (F074) occurs as relicts within patches of birefringent secondary material; olivine constitutes less than 5%.
There are three kinds of cryptocrystalline patchy areas in these rocks. The first (Figure 3c ) consists of fanlike wispy crystals of pyroxene-plagioclase intergrowths with magnetite, and these may form either irregular interstitial patches or distinct fillings in rare, circular vesicles. In both cases, coarser pyroxene, Plagioclase, and magnetite crystals bordering the patch may be optically continuous with skeletal extensions into the patch. Magnetite is especially concentrated in these patches, which may represent segregations of late-stage ironenriched residual silicate magma. The second type of cryptocrystalline patch consists of finely granular, birefringent material (smectite) which may fill vesicles or form irregular, groundmass patches. The third variety is a highly birefringent, micaceous material forming bastite-like patches. Some of these have rounded outlines suggestive of olivine pseudomorphs, but many show textural relationships that suggest they replace pyroxenes.
Group III (Represented by Sample 13 From the Upper Part of Hole 320B)
Acicular Plagioclase microlites show typical "beltbuckle" form in cross-section and traces of sector zoning. Olivine microphenocrysts (Foss) are rare and may be intergrown with Plagioclase. The groundmass is cryptocrystalline, appearing to be mainly pyroxene-plagioclase intergrowths. Alteration is 10% to 15%, preferentially replacing the groundmass. The shipboard scientists have distinguished this unit from the rest of 320B by its massiveness, homogeneity, and the presence of conchoidal fractures. Sample 15, a glassy margin from this unit, contains microlites of Plagioclase and pyroxene and has a distinctive chemical composition. (Flanagan, 1972) ; G-Mean and standard deviation for triplicate analyses of BCR-1 by instrumental neutron activation analysis; H-Recommended values for BCR-1 (Flanagan, 1972 Group V (Represented by Samples 16, 17, 18, 19, 20 From Site 321) This group is composed of microdolerites consisting of networks of Plagioclase laths (to 0.2 mm) with abundant intergranular pyroxene and magnetite. Pyroxene exceeds Plagioclase in abundance (Table 3) . Magnetite is especially abundant, both as inclusions in the outer zones of Plagioclase and clinopyroxene phenocrysts, and, in the groundmass, occupying interstices of plagioclase-pyroxene intergfowths. Sulphide is conspicuous in some veins and vesicles, appearing in most cases to have invaded the rock along fractures. All samples contain vesicles, many of which contain traces of cryptocrystalline silicate, carbonate, smectite, or chlorite. In Sample 19 a sulphide globule was enclosed in a silicate matrix within a vesicle. Patches of brownish alteration constitute up to 15% of the rocks.
In summary, textures in most of the basalts and dolerites studied indicate early precipitation of plagioclase, accompanied or soon joined by clinopyroxene (not olivine) and later magnetite. In many rocks, particularly of Group V, magnetite is notably abundant, which suggests that the rocks crystallized from iron-enriched, fractionated magmas. Quench features abound, as in most igneous rocks of the sea floor.
MINERALOGY
Silicates in the doleritic rocks (Group II) from the lower part of Hole 319A have been analyzed by electron microprobe.
Plagioclase (Table 4A) ranges from Anis to Anss, and marginal zones of some grains appear (optically) to be more sodic than Anso. As with sea-floor basalt plagioclases previously analyzed (Bryan, 1975) , there is a significant amount of Fe and Mg in the Plagioclase. The concentration of Fe and Mg increases with Na content as does the Fe/Mg ratio. The increasing Fe/Mg probably reflects Fe enrichment in the liquid due to pyroxene crystallization.
Clinopyroxenes (Table 4B) are aluminous diopsidic augites typical of more fractionated sea-floor basalts (Frey et al., 1975) . The wavy, patchy optical extinction is not always accompanied by compositional variation. Thus, the optical discontinuities are at least partly due to mechanical distortion of the crystal. Where distinct sector zoning is visible, there are significant variations in Siθ2, Tiθ2, and AI2O3 abundances, suggesting that most of the chemical differences between sectors is due to coupled substitutions of these elements (Table 4B , column 4).
Olivine (Table 4C ) was observed as phenocrysts only in Sample 9 of Hole 319A. The three crystals analyzed are very similar (Foes to F087); this is within the composition range of olivines from other sea-floor basalts. CHEMISTRY Electron microprobe major element analyses of fresh natural glasses are given in Table 5 . To supplement these data we have also analyzed by electron microprobe several fluxed glasses prepared from the crystalline basalts (Reed, 1970) ; these results are also given in Table  5 . One of the samples (15b) was analyzed as a fluxed glass prepared from large samples of the glass analyzed directly by microprobe (15a); the results are in good agreement (less than 5% deviation except for Ca which showed 10% difference), giving confidence in the fluxed glass analytical technique. Trace element analyses by direct-reading emission spectrometry and instrumental neutron activation are given in Table 6 . The elements in this table are divided into three sets: Set I-elements and oxides known to be sensitive indicators of alteration and reaction with seawater (Hart, 1969; Thompson, 1973) ; Set II-first series transition elements plus Ga; and Set III (A and B)-LIL elements.
As a whole the Leg 34 basalts are depleted in the LIL elements such as K, Ti, Ba, Sr, Zr, and REE when compared to island and continental tholeiitic basalts; this is a feature typical of many ocean ridge basalts (e.g., Engel et al., 1965; Melson et al., 1968; Frey et al., 1968; Hart, 1969; Kay et al., 1970; Frey et al., 1975) . There are, however, distinctive chemical characteristics of each Leg 34 group (Figure 2 ). These important differences may reflect magmatic processes.
Group I
The two glass chips (Samples 1 and 4) are very similar in major element composition to each other and to the crystalline Sample 3 (Table 5 ). All four samples in this group have very similar trace element compositions (Table 6 ) which is consistent with the observed similarity in petrography. Of all the Leg 34 basalts, this group has the lowest Fe/Mg and concentrations of K, Ti, V, Ba, Y, Zr, Hf, and REE; Ca, Mg, Cr, Ni, Cu, and Se are relatively high in concentration. Relatively low concentrations of H2O, CO2, B, and Li (compared to other DSDP basalts of similar age) indicate that these samples are not badly weathered in spite of the apparent basement age of 15 × I0 6 yr. The overall petrographic and chemical uniformity suggests that this group represents a single magma unit. have similar Fe and Mg abundances and Fe/Mg, but slightly higher concentrations of K, Ti, V, Y, Zr, and REE. Interestingly, the Cr and Ni contents are slightly higher in Group III than in Group I basalts. Although older than the Group I basalts (28 × I0 6 yr), they are still relatively unaltered; however, one sample (13 , Table  6 ) has high water and Li contents.
Group IV
This group is represented by only one glass sample, which is very different in composition from the overlying Group III basalts of Hole 320B. For example, it has much higher Fe/Mg and higher K, Ti, and Fe concentrations and lower Al, Ca, and Mg contents. Similarly in trace elements Group IV basalt has much higher concentrations of V, Y, Zr, and REE and lower concentrations of Cr, Ni, and Cu.
Group V
Basalts from Site 321 are very similar in composition and petrography. Compared to Groups I, II, and III from Holes 319 and 320, they have higher Fe/Mg and higher concentrations of Ti and Fe and lower concentrations of Al, Ca, and Mg. In trace elements this group is characterized by high concentrations of V, Ba, Y, Zr, Hf, and REE and low concentrations of Cr, Ni, and Cu. Although apparently the oldest Leg 34 basalts (40 × I0 6 yr), they are not badly weathered (0.9-1.7 wt % H2O); only one sample (No. 19) is markedly enriched in B. DISCUSSION The Leg 34 basalts resemble many other ocean ridge basalts in their major and minor element characteristics and especially in their low concentration of LIL elements. In particular, they resemble other basalts from the East Pacific Rise and Nazca plate (Table 7 and Figure 4) . It is especially interesting that, in spite of the considerable variations in certain major elements and trace elements, this LIL-depleted characteristic is retained throughout the whole series of Leg 34 basalts investigated. The variation in composition of the Leg 34 basalt groups is quite systematic and suggests operation of a common process on source rocks of similar compositions. The Group I basalts of the upper part of Hole 319 appear to be the least fractionated or most LIL-element depleted. However, compared with the most-primitive or less-fractionated oceanic basalts reported in the literature (see Table 8 ), it is apparent that the Hole 319 Group I basalts are already well fractionated in terms of FeO/MgO, Tiθ2, and concentrations of LIL elements; these are parameters which we regard as the most definitive variables in unaltered oceanic basalts. These chemical features are consistent with petrographic observations such as the abundance of clinopyroxene and, especially, the scarcity of olivine. Rather than lying on or close to the olivine-plagioclase cotectic, as do many Sr  85  85  95  115  100  105  110  115  130  95  105  125  100  110  95  85  75  85  85  80  Ba  2  6  <2  3  3  3  2  3  3  <2  16  4  2  7  5  12  12  12  9  10  Y  35  30  31  38  52  55  55  60  55  50  55  52  40  38  60  70  65  68  60  60  Zr  90  80  75  80  155  160  150  155  150  140  150  140  125  110  160  200  180  185  150 Note: A- Kay et al., 1970; B-Bonatti, 1968; C-Engel et al., 1965; REE data from Balashov et al., 1970 ;D-Average of Samples 1, 3, and 4 (Table 5 ) and 1, 2, 3, and 4 (Table 6 );E-Sample 14 (Table 5 ) and average of 13 and 14 (Table 6) ; F-Average of Samples 5 and 11 (Table 5) and Samples 5-12 (Table 6 ); G-Sample 15a (Table 5) and 15 (Table 6) ; H-Sample 20 (Table 5 ) and average of 16-20 (Table 6 ); I-Average of 33 basalts, Melson et al., 1968 ; J-Average of 94 basalts, Cann, 1971. ocean ridge basalts (Miyashiro et al., 1969; Frey et al., 1974) , they are on or close to a plagioclase-pyroxene cotectic.
In Figure 4 (B) we have plotted the chondrite-normalized REE abundances for the Leg 34 basalt groups. There is a systematic difference in overall REE abundance between the groups. Although light REE depletion relative to chondrites is seen in all groups, it is less in the more evolved basalts, e.g., the La/Yb changes from 0.68 in the Group I basalts to 1.0 in the Group V basalts. A corresponding systematic difference is also seen in major element compositions. The average compositions of each group are given in Table 7 and are plotted, relative to the Group I basalts, in Figure 5 . A sequence of increasing concentration of K, Ti, Fe, and decreasing Mg concentration is noted in the order Group I to III to II to IV then V. This is the same order as the increasing REE in Figure 4 . Other trace element concentrations show almost the same trends between the groups. The average compositions are given in Table 7 and are plotted, relative to Group I concentrations, in Figure 6 . Increasing concentrations of V, Ba, Y, Zr, Hf, and La are systematic from Group I to III to II to IV to V. The changes in Cr and Ni are not as marked as is often found in fractionated sea-floor basalts (Thompson et al., 1972; Frey et al., 1974) higher in the Group III basalts than in Group I. Group V basalts from Site 321 are comparable to other seafloor basalts which have been suggested to be highly evolved liquids developed during extensive fractional crystallization of a basaltic magma (Table 8 ).
The systematic major and trace element trends (Figures 4 , 5, and 6; Tables 5 and 6) of the Leg 34 basalt groups lead us to suggest that these basalts have different extents of fractional crystallization from parents of very similar composition. As a preliminary and partial examination of these inferences, we have tested a simple linear model (Bryan, 1968) which forces a fit for AI2O3, FeO, MgO and CaO, the oxides which should be most sensitive to Plagioclase, augite, and olivine crystallization. If our interpretation is correct, the basalt glass of Group IV should be a residual liquid formed by fractional crystallization from a liquid of Group I composition. Since the postulated Group I parent liquid apparently lies close to a pyroxene-plagioclase cotectic, the fractional crystallization process yielding the postulated residual Group IV liquid should be dominated by augite and Plagioclase in about equal proportions with little or no olivine.
The results (Table 9) indicate that except for K2O and Tiθ2 all major elements can be fit to better than ±5% by 36% crystallization of a cumulate involving principally Plagioclase and augite. The increase in La/Yb with increasing fractionation (e.g., Group I La/Yb = 0.6 to Group IV La/Yb = 0.8) is consistent with clinopyroxene as a prominent fractionation phase. At low pressures clinopyroxene is the only major fractionating phase which can significantly increase La/Yb in the residual liquid. Plagioclase fractionation causes a decrease in La/Yb, and olivine fractionation does not significantly affect the ratio because olivine has very low REE abundances. However, between Groups I and V several LIL-element (Ba, Zr, Hf, La, and Ce) abundances increase by a factor of two or more; such differences require separation of at least 50% or more of the magma as LIL-element poor phases such as Plagioclase and pyroxene. Crystallization of 50% or more of low K2O and Tiθ2-bearing phases would also markedly improve the fit for K2O and TiCh. Approximately 50% removal of only clinopyroxene would be required to explain the La/Yb increase in Group IV relative to Group I. Thus, there is a discrepancy between models accounting for major elements and the models necessary to explain LIL-element (including K2O and TiCh) abundances. We have noted similar discrepancies in modeling the chemical variations in DSDP Leg 2 and 3 basalts (Frey et al., 1974) as well as in other sea-floor basalts now under study. Hence, it seems unlikely that these discrepancies are purely a chance result of the selection of the Group I glass as an inferred parent. The implication is that, while shallow level fractional crystallization seems adequate to account for most major element trends in the Leg 34 basalts, other processes must be responsible for the large differences in LIL-element (including K2O and TiCk) abundances. Apparently, the parental magmas had different LIL-element abundances; these differences were probably caused by different degrees of partial melting of the source materials and/or source rock heterogeneity. In any event, the LIL element depleted characteristics of these basalts, and their similarity to other ridge basalts (particularly the East Pacific Rise basalts), are consistent with their evolution at a ridge crest or spreading center, and not as later off-ridge extrusions.
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